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Somatic chromosome numbers of 15 species belonging to the genus Saussurea col¬ 
lected from the Himalayas and the adjacent regions are reported. The chromosome num¬ 
bers of 9 species were examined for the first time. Saussurea leontodontoides was found 
to be diploid with 2n = 30; S. globosa, S. graminea, S. graminifolia, S. obvallata and S. 
spicata to be diploid with 2n = 32; S. delavayi, S. forrestii, S. kingii, S. medusa and S. 
yakla to be diploid with 2n = 34; and S. nishiokae , S. hookeri and S. tridactyla to be dip¬ 
loid with 2n = 36. The chromosome number of S. hieracioides was 2n = 64, which is the 
first record of a tetraploid with x = 16 in the genus. A new record of Saussurea nishiokae 
from Tibet (Xizang, China) was confirmed, which was recognized during our research. 

Key words: Asteraceae, chromosome number, Himalaya, Saussurea, Saussurea 
nishiokae. 


The genus Saussurea DC. is distributed 
mainly in temperate and subarctic regions of 
Eurasia, and comprises about 400 species 
classified into six subgenera (Lipschitz 
1979). The genus is characterized by its lack 
of spines on plant bodies; solitary, 
corymbose or paniculate capitula composed 
of red, purple, violet, pink or white disc flo¬ 
rets; spineless multi-seriate involucral 
phyllaries; usually setaceous receptacles; lin¬ 
ear branched styles; obovoid to oblong or 4- 
5-gonal achenes; and usually bi-seriate 
pappus, the outer being composed of short, 
free scabrid bristles and the inner, long 
plumose bristles that are connate at the base 
(Bremer 1994, Haffner 2000). The recently 
molecular phylogenetic analyses of Raab- 


Straube (2003) and Kita et al. (in press) sug¬ 
gested Saussurea is paraphyletic, and have 
confirmed that Saussurea contains two major 
clades; one is composed of a large number of 
Saussurea species including S. alpina which 
is the type species of the genus; the other 
consists of section Elatae and subgenera 
Jurinocera and Frolovia, which is the sister 
group to the genus Jurinea. Besides to these 
molecular analyses, the investigations by 
Raab-Straube (2003) and Kita et al. (in 
press) into morphological characters of 
achenes and pappi show that a major group 
of Saussurea is distinct from sections Elatae 
and Jurinocera which having single pappi 
and, achenes with a horn or dentate crown. 
Raab-Straube (2003) applied the results to 
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the generic concept of Saussurea, and estab¬ 
lished the new genus Himalaiella, and the 
genera Frolovia and Lipschitziella are resur¬ 
rected. As such, the systematics of the genus 
is now considered. 

The taxonomy of Saussurea species has 
proved to be problematic due to wide ranges 
of morphological variation and high species 
diversity. Species delimitation has been 
based on a limited number of gross morpho¬ 
logical characters (Clarke 1876, Hooker 
1881, Kitamura 1969, Lipschitz 1979). Since 
the latest monograph by Lipschitz (1979), 
the genus has been studied only in floristic 
treatments (Chater and Kitamura 1982, Hajra 
1995, Koyama 1995, Shih and Jin 1999, 
Springate 2001). Although micro- and/or flo¬ 
ral-morphological observations have been 
made by Saklani et al. (2000) on Indian spe¬ 
cies, by Fujikawa (2002) on the Himalayan 
species and by Yang et al. (2003) in a phar- 
macognostical study on the species of sec¬ 
tion Eriocoryne, it still remains desirable to 
clarify issues regarding species delimitation. 

Previous cytological studies of the genus 
Saussurea have been reported by many 
authors, and the chromosome numbers of ap¬ 
proximately 104 species have been revealed, 
indicating a wide range of variation: 2n = 24, 
26, 28, 30, 32, 34, 36, 38, 39, 42, 48, 50, 52, 
54, 72 and 78 (see Fujikawa and Ohba 
2003b). Judging from the numbers, the genus 
Saussurea is a cytologically diverse consist¬ 
ing of diploid, tetraploid, and their aneuploid 
species with serial basic chromosome num¬ 
bers x = 12, 13, 14, 15, 16, 17, 18, 19, and 
21, although the numbers with x = 12, 19, 
and 21 were considered to be doubtful. 
Therefore, polyploidization and aneuploidi- 
zation may play an important role in specia- 
tion of Saussurea. 

However, cytological evidence is quite 
limited both in species number and localities 
for the Himalaya and the adjacent regions. 
There are only 28 species for which cyto¬ 
logical information has been published 


(Mehra et al. 1965, Shetty 1967, Koul et al. 
1976, Jee et al. 1983, Koyama and Shimizu, 
1984, Gupta and Gill 1989, Gupta et al. 
1989, Kondo et al. 1990, Siddique and Wafai 
1993, Liu et al. 1994, Huang et al. 1996, 
Amano and Ohba 2000, Fujikawa and Ohba 
2003a), nevertheless about 160 species are 
known from this region (based on Lipschitz, 
1979), and one of the diverse genera in the 
alpine zone (Ohba 1988). For clarifying cy¬ 
tological features of Saussurea in the 
Himalayas and adjacent regions, more exten¬ 
sive cytological investigations on more spe¬ 
cies from various localities are required. 

The aim of this paper is to report on the 
chromosome numbers of Saussurea species 
collected from various localities in the 
Himalayas and the adjacent regions. 

Materials and Methods 

Plants were collected from their native 
habitat in the Nepal Himalaya in 1995, 1997, 
1999 and 2000 (see Miyamoto 1995, 
Wakabayashi 1998, Fujikawa 2000), Sikkim 
Himalaya in 2003, and in China (including 
Tibet) in 1996, 1997, 2000, and 2001 (see 
Ikeda and Miyamoto 1996, 1998, Miyamoto 
and Ikeda 2001, Akiyama and Ikeda 2002). 
Localities and voucher specimens are listed 
in Table 1. 

Chromosome counts were made on so¬ 
matic metaphase cells using the squash tech¬ 
nique. Twenty-four populations of 15 species 
were analysed; within each population at 
least two individuals were examined. Shoot 
meristems were fixed with Newcomer’s fluid 
(see Sharma and Sharma 1980) in the field 
after pre-treatment in 0.05 % cholchicine or 
0.002 M 8-hydroxyquinoline solution for 
about 3-4 hours. In order to macerate cell 
walls, the samples were soaked in a solution 
of 2 % pectinase and 4 % cellulase (1:1) for 
20 minutes-3 hours at 37°C having been 
cleaned with an alcohol series and distilled 
water. They were then stained with 2 % 
aceto-orcein for 12-20 hours or 2 % lacto- 



Table 1. Sources of materials of 15 species of Saussurea DC. 


Species 

Subgenus Eriocoryne Hook. f. 


S. medusa Maxim. 

China: 


China: 


China: 

S. nishiokae Kitam. 

Nepal: 


China: 

S. spicata Kitam. 

Nepal: 

S. tridactyla Sch. Bip. ex Hook .f. 

China: 

S. kingii C .E. C. Fisch. 

China: 

S. delavayi Franch. 

China: 

Subgenus Amphilaena (Stschegl.) Lipsch. 


S. globosa Chen 

China: 

S. hookeri C. B. Clarke 

Nepal: 

S. obvallata (DC.) Edgew. 

China: 


Nepal: 

Subgenus Saussurea 


S. forrestii Decne. 

China: 

S. graminea Dunn 

China: 

S. graminifolia Wall, ex DC. 

China: 


Nepal: 


Nepal: 

S. hieracioides Hook .f. 

Nepal: 


Nepal: 


Nepal: 

S. leontodontoides (DC.) Hand.-Mazz. 

China: 

S. yakla C. B. Clarke 

Nepal: 


Nepal: 


Locality 


Sichuan, around Wuming Shan, 4600 m 
Yunnan, Deqin Xian, Meili Xueshan, 4700 m 
Xizang (Tibet), Baxoi Xian, around Rawu, ca. 4000 m 
Solukhumbu Distr., Panch Pokhari-Seto Pokhari, 5200 m 
Xizang (Tibet), Nyalam Xian, Nyalam-Tashigang, 4870 m 
Mustang Distr., around Yak Kharka, 4470 m 
Xizang (Tibet), Nyalam Xian, Nyalam-Tashigang, 4870 m 
Xizang (Tibet), Nagarze Xian, Nagarze-Karo La, 4500 m 
Yunnan, around Mt. Chang Shan, 3720 m 

Sichuan, Haizi, near Daocheng, 4460 m 
Solukhumbu Distr., Panch Pokhari-Seto Pokhari, 5080 m 
Xizang (Tibet), Nyingchi Xian, Sezhaila Shan-Bayizhen, 4500 m 
Solukhumbu Distr., Tashing Dingma-Thuli Kharka, 3530 m 

Xizang (Tibet), Nyalam Xian, Nyalam-Zhangmu, 3710 m 
Xizang (Tibet), Baxoi Xian, Anjiu La-Rawu, 4430 m 
Xizang (Tibet), Nyalam Xian, Nyalam-Tashigang, 5170 m 
Solukhumbu Distr., around Khare, 4780 m 
Solukhumbu Distr., Khare-Tangnag, 5010 m 
Solukhumbu Distr., around Tangnag, 4200 m 
Solukhumbu Distr., around Tangnag, 4470 m 
Solukhumbu Distr., Tangnag-Dig Kharka, 4360 m 
Xizang (Tibet), Baxoi Xian, Anjiu La-Rawu 4430 m 
Solukhumbu Distr., Chatarwa-Kurke, 4005 m 
Solukhumbu Distr., Chalem Kharka-Khola Kharka, 3430 m 


Voucher specimen 


Wu & al. 19 
Wu & al. 103122 
Akiyama & al. 105655 
Miyamoto & al. 9580324 
Akiyama & al. 106293 
Fujikawa 9920119 
Akiyama & al. 106291 
Akiyama & al. 106244 
Wu & al. 86 

Wu & al. 1516 
Miyamoto &al. 9588174 
Akiyama & al. 104745 
Wakabayashi & al. 9730354 

Akiyama & al. 106310 
Akiyama & al. 105098 
Akiyama & al. 106292 
Wakabayashi & al. 9730300 
Wakabayashi & al. 9730305 
Wakabayashi & al. 9730232 
Wakabayashi & al. 9730242 
Wakabayashi & al. 9730251 
Akiyama & al. 105097 
Miyamoto & al. 9588270 
Wakabayashi & al. 9730121 
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propionic orcein for several minutes and 
squashed. 

Voucher specimens for all populations in¬ 
cluded in this study are deposited in the 
Herbarium at the University of Tokyo (TI). 

Results and Discussion 

The chromosome numbers of 24 popula¬ 
tions representing 15 species of the genus 
Saussurea observed in the present study and 
previously published counts are shown in 
Table 2. Chromosomes as observed in a so¬ 
matic cell of each species are shown in Fig. 
1. The chromosome numbers of each species 


are described below. 

Subgenus Eriocoryne (DC.) Hook. f. 

1. Saussurea medusa Maxim. 

The somatic chromosome number was 
2n = 34 (Fig. 1A). The chromosome counts 
made in this study disagree with a previous 
count of 2n = 28 by Huang et al. (1996). We 
examined the chromosome number of mate¬ 
rial collected from three populations in 
Yunnan, Sichuan and Tibet. All counts of the 
chromosomes in all of these populations 
were the same, 2n = 34. This disagreement in 
chromosome number could be explained by 


Table 2. Present and previous studies on 15 species of Saussurea DC. 


Species 


Present counts 
(2n) 


Previous counts 
(n) (2n) 


References 


Subgenus Eriocoryne 
Section Eriocoryne 


S. medusa Maxim. 

34 

28 

Huang et al. 1996 

S. nishiokae Kitam. 

36 

36 

Amano and Ohba 2000; 
Fujikawa and Ohba 2003 

S. spicata Kitam. 

32 



S. tridactyla Sch. Bip. ex Hook .f. 

36 

36 

Amano and Ohba 2000; 
Fujikawa and Ohba 2003 

Section Pseudoeriocoryne 

S. kingii C. E. C. Fisch. 

Section Cincta 

34 



S. delavayi Franch. 

34 



Subgenus Amphilaena 




S. globosa Chen 

32 + 3B 



S. hookeri C. B. Clarke 

36 

36 

Amano and Ohba 2000 

S. obvallata (DC.) Edgew. 

32, 32 + 3B c.16, 16 

32 

Shetty 1967; Gupta and 
Gill 1988, 1989; Gupta et 
al. 1989; Amano and 
Ohba 2000 

Subgenus Saussurea 




Section Jacea 

S. forrestii Decne. 

Section Pycnocephala 

34 



S. graminea Dunn 

32+ IB 



S. graminifolia Wall, ex DC. 

Section Saussurea 

32 

32 

Amano and Ohba 2000 

S. hieracioides Hook. f. 

64 



Section Cyathidium 




S. leontodontoides (DC.) Hand.-Mazz. 

30 



S. yakla C. B. Clarke 

34 
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either misidentification of plant material or 
miscounting of the chromosomes in the ear¬ 
lier study. Saussurea medusa is widely dis¬ 
tributed in the Himalayas, from Central Asia 
to S.W. China, and exhibits great morpho¬ 
logical variation throughout. There therefore 
remains a need for more sampling across the 
range in order to better clarify the systema- 
tics of the taxa, and so confirm possible pat¬ 
terns of cytological variation. 

2. Saussurea nishiokae Kitam. 

The somatic chromosome number in this 
species was 2n = 36 (Fig. IB). Counts made 
from two populations collected from the 
Tibet and Nepal Himalaya agreed with a pre¬ 
vious report collected from the Nepal 
Himalaya by two of the authors (Fujikawa 
and Ohba 2003a). Saussurea nishiokae was 
described by Kitamura (1969) based on col¬ 
lections from Bhutan and western Nepal, and 
the species has since been regarded as occur¬ 
ring only in the Himalayas. However, a col¬ 
lection of S. nishiokae was made in Tibet 
(Xizang, China) by the second author in 
2000 (see Miyamoto and Ikeda 2001). The 
plants collected on this occasion bore arach¬ 
noid hairs on leaves, 3-4-seriate involucral 
phyllaries, clavate papillae on the surface of 
the achenes, alveolate receptacles and a bi- 
seriate pappus. This combination of charac¬ 
ters distinguished the plants from the closely 
related S. gyacaensis, which has naked re¬ 
ceptacles and a uni-seriate pappus (though 
also described from Tibet (Liu 1984)), and 
confirms the collection as a new record of 
S. nishiokae from Tibet. 

3. Saussurea spicata Kitam. 

The somatic chromosome number in this 
species was 2n = 32 (Fig. 1C). This is the 
first time a count has been reported for this 
species. Saussurea spicata has sometimes 
been confused with S. laniceps on account of 
its spicately arranged capitula distributed 
along the upper part of the clavate stem, a 
character shared by the two species. 
However, S. laniceps is distinguished by a 


covering of brown-black hairs on its 
capitula, and by its brown-black coloured 
pappus. Though Springate (2001) refers all 
material from Bhutan to S. spicata, all speci¬ 
mens from Bhutan seen by the first author in 
the course of this and other research were 
identified as S. laniceps. Saussurea spicata is 
therefore considered endemic to the Western 
part of the Nepal Himalaya, while S. 
laniceps is distributed throughout the Bhutan 
Himalaya, Tibet and S.W. China. 

4. Saussurea tridactyla Sch. Bip. ex Hook. f. 
The somatic chromosome number in this 

species was 2n = 36 (Fig. ID). Chromosome 
counts from Tibet made in this study support 
previous reports for the plants in Nepal 
Himalaya (Amano and Ohba 2000, Fujikawa 
and Ohba 2003a). This species is widely 
distributed in the Himalayas and Tibet. 

5. Saussurea kingii C. E. C. Fisch. 

The somatic chromosome number was 
2n = 34 (Fig. IE). This is the first record of 
a chromosome count in this species. 
Saussurea kingii belongs to section Pseudo- 
eriocoryne, and is distributed in Tibet and 
the Bhutan Himalaya. 

6. Saussurea delavayi Franch. 

The somatic chromosome number in this 
species was 2n = 34 (Fig. IF). The chromo¬ 
some number was examined for the first 
time. Saussurea delavayi is distributed in 
Yunnan, and belongs to section Cincta of the 
subgenus Eriocoryne. 

Subgenus Amphilaena (Stschegl.) Lipsch. 

7. Saussurea globosa Chen 

The somatic chromosome number was 
2n = 32 with three B-chromosomes (Fig. 
1G). The somatic chromosome number was 
examined for the first time. This species is 
distributed in China (Qinghai, Gansu, Shensi 
and Sichuan). 

8. Saussurea hookeri C. B. Clarke 

The somatic chromosome number in this 
species was 2n = 36 (Fig. 1H). This chromo¬ 
some number agrees with that reported in a 
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Fig. 2. Continued. I: S. obvallata. J: S.forrestii. K: S. graminea. L: S. graminifolia. M: S. hieracioides. N: 5. 
leontodontoides. O: S. yakla. Bar= 10 pm. 
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previous paper (Amano and Ohba 2000). It is 
distributed in the Himalayas, Tibet, Sichuan 
and Qinghai. 

9. Saussurea obvallata (DC.) Edgew. 

The somatic chromosome number in this 
species was 2n = 32, with or without three B- 
chromosomes (Fig. II). Chromosome counts 
from two populations agree with previous re¬ 
ports (Shetty 1967, Gupta and Gill 1989, 
Gupta et al. 1989, Amano and Ohba 2000) 
and confirm the chromosome number of 
2n = 32 for this species. Saussurea obvallata 
is widely distributed in the Himalayas, Tibet 
and China (Qinghai, Gansu, Sichuan and 
Yunnan). 

Subgenus Saussurea 

10. Saussurea forrestii Diels 

The somatic chromosome number in this 
species was 2n = 34 with one B-chromosome 
(Fig. 1J). The chromosome number for this 
species is reported for the first time. This 
species belongs to section Jacea and is dis¬ 
tributed in the Himalayas, Tibet and Yunnan. 

11. Saussurea graminea Dunn 

The somatic chromosome number was 
2n = 32 with three B-chromosomes (Fig. 
IK). The chromosomes of this species were 
examined for the first time. This species be¬ 
longs to section Pycnocephala and is distrib¬ 
uted in Tibet and S.W. China (Sichuan, 
Gansu, Yunnan). 

12. Saussurea graminifolia Wall, ex DC. 
The somatic chromosome number in this 

species was 2n = 32 (Fig. 1L). The chromo¬ 
some counts from three populations support 
a previous report for this species (Amano 
and Ohba 2000). Saussurea graminifolia is 
similar to S. graminea, but differs in having 
basal leaves with a broad sheath. The distri¬ 
bution of this species is wide, ranging 
throughout the Himalayas and Tibet. 

13. Saussurea hieracioides Hook. f. 

The somatic chromosome number was 
2n = 64 (Fig. 1M), and was examined for the 
first time. Considering previous reports of 


;79 % H5-^- 

chromosome numbers within the genus 
Saussurea, the somatic count 2n = 64 is re¬ 
garded as a tetraploid, with x = 16. This is 
the first record of a tetraploid with x= 16 
within the genus. The species is distributed 
in open subalpine meadows in the eastern 
Himalayas and S. W. China. It belongs to 
section Saussurea. 

14. Saussurea leontodontoides (DC.) Sch. 
Bip. 

The somatic chromosome number was 
found to be 2n = 30 (Fig. IN), and is the first 
record for this species. The species belongs 
to section Cyathidium, and is distributed in 
the Himalayas, Tibet and S. W. China. 

15. Saussurea yakla C. B. Clarke 

The somatic chromosome number of sam¬ 
ples taken from two populations were 2n = 
34 (Fig. lO). The chromosome numbers 
were examined for the first time. This spe¬ 
cies is characterized by having a uni-seriate 
plumose pappus and a conspicuous, muricate 
achene surface. It belongs to section 
Cyathidium. Saussurea yakla, as circum¬ 
scribed by Springate (2001), is distributed in 
the Himalaya and Tibet. 

Among the 15 species in the genus 
Saussurea collected from the Himalayas and 
adjacent regions examined in the present 
study, the somatic chromosome number of 
2n = 30 was found in one species, 2n = 32 in 
five species, 2n = 34 in five species, 2n = 36 
in three species and 2n = 64 in one species. 
The chromosome numbers for Saussurea 
spicata, S. kingii, S. delavayi, S. globosa, S. 
forrestii, S. graminea, S. hieracioides, S. 
leontodontoides and S. yakla were first 
counted in the present study. Based on these 
results as well as those given elsewhere (see 
Fujikawa and Ohba 2003b), S. hieracioides, 
with 2n = 64, is considered to be tetraploid 
with x = 16; the other species with 2n = 30, 
32, 34, and 36 are diploids with x= 15, 16, 
17, and 18, respectively. 

Chromosome numbers representing 15 
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species of the genus Saussurea in the present 
study suggested a diploid state except in one 
species. It seems that the Saussurea species 
in the Himalayas and adjacent regions have 
diversified at a diploid level. 
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